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Abstract 
Based on the characteristics method, the design method of axisymmetric multi-compression and quasi-isentropic compression 
inlets are developed. For the multi-compression inlets, the solution strategy of shock wave angle for the least total pressure loss is 
designed. For quasi-isentropic compression inlets, the design criteria of wall of quasi-isentropic compression inlets is come up 
with that the left Mach lines starting from the wall should intersect at the lip. The wall of axisymmetric multicompression and 
quasi-isentropic compression inlets under the condition of mach 4 is designed, and the numerical simulation results calculated by 
FLUENT shows that the distribution of the shock waves meet the design requirements, which validates the design method of this 
paper. The comparative study of the two kinds of inlets shows that: the quasi-isentropic compression has the advantage of total 
pressure recovery, while the drag on the wall of the quasi-isentropic compression is similar with that of three shock compression. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA).  
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1. Introduction 
Inlet is an important part of scramjet engine, which are perfect propulsion system of hypersonic aerocraft in the 
future. Axisymmetric inlets [1] are firstly concerned because of its advantages such as simple structure, high-usage 
of windward area, easy to manufacture, high compression efficiency, easy to carry and launch [2]. Inlets compress 
gas with shock waves or compression waves to meet requirements of combustor's entrance conditions. Using 
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compression waves to compress gas is an isentropic process, with little loss of total pressure, but it requires a long 
compression wall. In the other way, using shock waves to compress gas can decrease the length of compression wall, 
but the loss of total pressure will increase. So, in order to decrease the loss of total pressure, the usual way is using 
multicompression with several oblique shock waves, or using a single oblique shock wave and a series of expansion 
waves which we call quasi-isentropic compression. How to design the angle of each compression wall and the shape 
of isentropic compression wall is a key research direction in this field, which concerns the compression performance 
and total pressure loss. 
At present, the research on working process of two-dimensional shock waves has been well developed, and the 
best design method of two-dimensional shock waves has been come up with[3,4]. But this method isn’t suitable for 
designing axisymmetric multicompression inlets. 
In this paper, based on the characteristics method, the design method of axisymmetric multicompression and 
quasi-isentropic compression inlets are developed, and the performance of the two kinds of inlets are contrasted. 
Firstly, the inlets design tool based on characteristics method is developed. Secondly, the design methods of 
axisymmetric multicompression and quasi-isentropic compression inlets are come up with based on theory analysis. 
Thirdly, the wall of axisymmetric multicompression and quasi-isentropic compression inlets under the condition of 
mach 4 is designed with the method. At last, FLUENT is used to do numerical simulation which validates the design 
method and analyses the performance of the two kinds of inlets. 
2. The Research of Inlet Design Method 
2.1  Characteristics Method 
Characteristics method is a simple and quick method to solve inviscid supersonic flow field, and the shape of 
inlet wall can be get by this method if shock angle is given. The characteristics equation and compatibility equation 
can be get by control equations of axisymmetric, inviscid, compressible, steady and isentropic flow. For  rotational 
flow, there are three characteristic lines: a streamline and two Mach lines. There are two compatibility equations on 
streamline and one compatibility equation on each Mach line [5]. 
The characteristics equation along the streamline is [6]: 
 
                                                                        
                                                                              (1) 
 
The characteristics equation along the Mach line is [6]: 
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Where , Ma is Mach number, u and v are velocity components. 
The compatibility equation along the streamline is [6]: 
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The compatibility equation along the Mach line is [6]: 
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Where the subscript ‘0’ represents streamline, the subscript ‘+’ represents left Mach line, the subscript ‘-‘ represents 
right Mach line, ρ is density and p is pressure respectively, a is the speed of sound, v0 is velocity. The algorithm of 
units such as inner points of flow field, points on wall and points on shock waves can be constructed by the 
numerical discrete of the five equations above, and the specific of the algorithm can refer to reference [7].  
In this paper, the axisymmetric inlets design tool is developed by the characteristics method above. In order to 
validate reliability of compression wall and flow field calculated by the tool, a numerical example is designed: the 
Mach number is 4.0, the attack angle is 0°, the shock angle is 20°, and on the symmetry plane of the inlet, the 
coordinate of the head is (0,0), the coordinate of the lip is (1.0,0.364)(the unit is meter). After the compression wall 
is designed under the condition above, numerical simulation about the flow field will be conducted by FLUENT. In 
this case, the inviscid and axisymmtric control equations will be chosen, the density based solver will be used, and 
the numerical format is Roe FDS. 
Figure. 1 shows Mach number contour of the flow field calculated by characteristics method and FLUENT. It can 
be seen that the two flow fields is nearly the same. In order to quantitatively compare the two results, two lines 
where x=0.5m and x=0.9m are cut out to show the Mach number changing with y, which is showed in figure. 2(the 
dot is result of characteristics method, and the triangle is result of FLUENT). The result above indicates that the 
inlet design tool based on characteristics theory is reliable. 
 
Fig. 1.The Mach number contours calculated by characteristics method (left) and by FLUENT (right) 
 
Fig. 2. The contrast of Mach number at x=0.5m (left) and x=0.9m (right)  
2.2 the design method of axisymmetric multicompression inlets 
In this study, a three shock compression inlet which is usually used in engineering is designed as an example. 
Among two-dimensional shock waves, the characteristic of shock wave with maximum total pressure recovery is 
that the normal components of Mach number before each oblique shock wave are equal, which fits equation [7] is as 
follows: 
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Where β is shock wave angle. 
However, theoretically, this law is invalid to asixymmetric shock waves. At present, there isn’t a best way to 
organize shock waves in axisymmetric multicompression inlets [8]. Based on characteristics method, aimed at 
maximum total pressure recovery, the design method of supersonic axisymmetric multicompression inlets is come 
up with in this paper. The three shock waves are required to meet at the lip [9]. The first shock wave angle is 
determined by the location of the head and the lip, while the second and the third shock wave angles are variable to 
optimize.  
2.3 the design method of quasi-isentropic compression inlets 
While design the quasi-isentropic compression inlets, the shock wave angle of oblique shock wave is determined 
by criteria of shock wave sealing, but there are countless solutions for the shape of isentropic compression wall, so 
there should be an additional criteria to determine it. The criteria in this study is as follows: every left Mach line that 
starts from isentropic compression wall should meet at the lip. It can make the compression results best with no 
shock wave. The shape of the isentropic compression wall can be acquired by characteristics method program. 
3. Simulation example of supersonic axisymmetric inlet 
In order to validate the design method above, the inlet wall of representative conditions is designed and 
numerical simulation is researched by using FLUENT. 
3.1 under the condition of Maf =4 
The conditions are as follows: the Mach number of free-stream is 4.0, the attack angle is 0°, the Mach 
number at outlet is 2.37. In order to compare the performance of three shock compression inlet with quasi-
isentropic compression inlet, the both shock wave angles of the first shock wave are set as 20° and the coordinate 
of the both lips are set as (1.0, 0.364). 
The both shapes of the inlet wall are acquired under the conditions above. The second shock wave angle of the 
three shock compression inlet is 32.0°, and the third shock wave angle is 46.2°. The shape of three shock 
compression inlet wall is shown in figure. 3 (left), and the shape of quasi-isentropic compression inlet wall is shown 
in figure. 3 (right). 
 
Fig. 3. The wall of multicompression inlet (left) and quasi-isentropic compression inlet (right) while Maf =4 
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Fig. 4. The pressure contours of multicompression inlet (left) and quasi-isentropic compression inlet (right) while Maf =4 
 
Fig. 5. The mach number contours of multicompression inlet (left) and quasi-isentropic compression inlet (right) while Maf =4 
The pressure contours and Mach number contours calculated by FLUENT are shown in figure 4 and figure. 5 
respectively. It can be seen that there are three shock waves meeting at the lip in left figures, and the pressure 
increases and Mach number decreases while the free-stream pass each shock wave, indicating that the design 
method of three shock compression inlet is reliable. It can be seen that there are one shock wave and a series of 
compression waves meeting at the lip in right figures, and the free-stream is compressed isentropically after passing 
the shock wave. The pressure increases continuously and the Mach number decreases continuously, indicating that 
the design method of quasi-isentropic compression inlet is reliable. 
The Mach number and pressure distribution on the inlet wall is shown in figure. 6 and figure. 7 respectively. In 
can be seen that the Mach number of the two inlets at outlet are approximately equal, and the pressure of quasi-
isentropic compression inlet is greater than that of three shock compression inlet, indicating that the total pressure 
recovery of quasi-isentropic compression inlet is much greater. 
 
Fig. 6.  The mach number distribution while Maf =4      Fig. 7. The static pressure distribution while Maf =4 
3.2 the contrast of performances between three shock compression inlets and quasi-isentropic compression inlets 
In order to compare performances of three shock compression inlets with that of quasi-isentropic compression 
inlets, the data of inlet performances is given in table 1. 
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The total pressure recovery of three shock compression inlet is 92.3%, the drag on the wall is 136.1kN, while the 
total pressure recovery of quasi-isentropic compression inlet is 97.1%, the drag on the wall is 131.0kN. The total 
pressure recovery of the former is less than that of the latter 4.9%, and the drag on the wall is 3.9% greater. It can be 
seen that quasi-isentropic compression inlet has the advantage of total pressure recovery. 
Table 1 The performance of the two kinds of inlet while Maf =4 
 Maf Maoutlet 
Entrance average 
total pressure/Pa 
Outlet average total 
pressure /Pa 
Total pressure 
recovery Drag/kN 
Multicompressi
on 4.0 2.37 1.542×10
7 1.424×107 92.3% 136.1 
Quasi-
isentropic 
compression 
4.0 2.37 1.542×107 1.498×107 97.1% 131.0 
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